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The Origin and Destiny of Cholesterol in the Animal Organism. 
Part VII. — On the Quantity of Cholesterol and Cholesterol 
Esters in the Blood of Rabbits Fed on Diets containing Vary- 
ing Amounts of Cholesterol. 

By Mary T. Fraser, B.Sc, and J. A. Gardner, M. A. 

(Communicated by Dr. A. D. Waller, F.E.S. Eeceived June 17, — Eead 

June 30, 1910.) 

(From the Physiological Laboratory, University of London, South Kensington.) 

From the study of the inhibitory action of the sera of rabbits fed on diets 
containing varying amounts of cholesterol on the haemolysis of blood by 
saponin we were led to the conclusion, in an earlier paper* of this series, 
that when cholesterol, free or in the form of esters, is given with the 
food of rabbits some is absorbed and finds its way into the blood stream 
as free cholesterol ; and also that when phytosterol is used instead of 
cholesterol it behaves similarly, and some appears in the blood either 
itself or in the form of cholesterol. The method adopted in these experi- 
ments only gave information as to the amount of free cholesterol under 
various conditions,' but not as to the amount of cholesterol esters that 
might be present. It seemed to us desirable to confirm these results by 
a chemical method, and also, if possible, to estimate both the free cholesterol 
and the esters present at the same time in the blood under various 
conditions. 

The usual methods for the chemical estimation of cholesterol are not 
sufficiently accurate to give reliable information in the case of a fluid such as 
blood, which contains but a small percentage of cholesterol, and which is 
only available in relatively small quantities. The discovery of Windausf 
in 1909 that cholesterol, but not cholesterol esters, readily combines 
quantitatively with digitonin to form a highly insoluble compound, digitonin 
cholesteride, according to the following equation — 

C55H94O28+C27H46O = C82H140O29, 

afforded a means of solving the problem. 

According to Windaus, digitonin cholesteride is insoluble in water, acetone, 
ether, ethyl acetate and benzene. 100 c.c. ethyl alcohol (95 per cent.), 

^ * Koy. Soc. Proc.,' 1909, B, vol. 81, p. 230. 

t "Windaus, " Uber die Entgiftung der Saponine durch Cholesterin," * Ber. der Deut. 
Chem. Ges.,' 1909, vol. 42, pt. 1, p. 238. 
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dissolves at 18° only 0'014 gramme, at 78° about 0*16 gramme ; 100 c.c. of 
50-per-cent. alcohol, at a boiling temperature, dissolves 0'03 gramme. It is 
readily soluble in pyridin and slightly so in methyl alcohol. On these 
properties Windaus based an accurate method* for estimating cholesterol, 
which he applied to the determination of the amount of free and combined 
€liolesterol in kidneys. The mode of procedure we adopted was worked 
out before the appearance of Windaus' later paper, and differs in detail 
ifrom that recommended by him. Our object was to devise a plan suitable 
for the estimation of small quantities of cholesterol in material limited in 
quantity, and to ascertain, as far as possible, the limits of accuracy attainable 
under these conditions. 

Method. — The blood was mixed with plaster of Paris and the dry product 
finely powdered and submitted to prolonged extraction with ether. For the 
estimation of free cholesterol the ethereal extract was evaporated to dryness, 
the residue weighed and taken up with 95-per-cent. alcohol. Excess of 
digitonin in 95-per-cent. alcohol was then added, and the mixture, after 
standing some time, was evaporated to dryness in a vacuum desiccator. 
The precipitate was then washed by decantation with ether into a previously 
weighed filter paper or Gooch crucible, until the ethereal washings gave 
no residue on evaporation. The excess of digitonin was then washed 
.away by warm water. In most cases the filtration proved tedious, and it 
was found more satisfactory, on the whole, to use a tared filter paper, care 
being taken to subject the tare to exactly the same treatment as the filter 
paper which received the precipitate. The washing with water was continued 
until there was no residue on evaporation. The precipitate was then dried 
in an air-oven at 110° C. and weighed, both drying and weighing being 
carried out in stoppered glass bottles, as the compound is somewhat 
liygroscopic. In order to estimate the cholesterol present in the form of 
•esters, the ethereal washings containing the fat and cholesterol esters may 
be saponified with excess of sodium ethylate, the unsaponifiable matter 
dissolved in alcohol, and precipitated with digitonin as above. It is preferable, 
however, should the amount of material available permit, to take a separate 
quantity of material, and after extracting with ether, saponify the residue, 
and, estimating the total free and combined cholesterol present, obtain the 
amount of ester cholesterol by difference. 

In order to test the efficiency of the method, the following experiments were 
carried out : — 

I. Experiments using small quantities of pure cholesterol, which were 

"^ Windaus, ' Zeitschrift fur physiol. Chem.,' 1910, vol. 65, p. 110. 
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dissolved in alcohol and precipitated directly. The results in the following 
table were obtained, proving that, where one is dealing with pure chemicals 
at any rate, the method is accurate : — 

Table I. — Pure Cholesterol. 



Method of experiment. 


Amount of 

cholesterol 

(actual). 


Amount of 
compound. 


Amount of 

cholesterol 

(found). 


Actual 
diiference. 


Direct precipitation — 

1. Weighings in Q-ooch crucible ... 

2. W'^eighed in tared filter paper ... 
o. ,, „ ,, ... 


0-01 

0-001 

0-01 


-0397 
-0430 
-0413 


-00960 
-00104 
-01003 


-0-00040 
+ 0-00004 
+ 0-00003 



II. Experiments to ascertain how far concordant results could be obtained, 
in the case of a substance containing a small amount of cholesterol, if small 
quantities of material were used. For this purpose a specimen of beef suet, 
which had been recrystallised several times by solution in ether and 
^precipitation by alcohol, was taken. It was practically free from cholesterol 
..esters. The results are given in the following table : — 

Table II. 



Method. 


Weight 
of fat. 


Weight 

of 

compound. 


Weight of 

cholesterol 

(found). 


Chole. 

sterol in 

fat. 


Average 

cholesterol 

in fat. 


Difference 

from 

average. 


Direct precipitation — 
Weighings in filter paper 

5> J3 53 

Saponification — 
Weighings in filter paper 


-3156 
-3134 

-3120 


0-0015 
-0015 

-0014 


-00036 
-00036 

-00034 


per cent. 
0-115 
0-116 

0-109 


per cent. 
0-113 
0-113 

0-113 


per cent. 
+ 0-002 
+ -003 

-0-004 



III. Experiments in which weighed quantities of cholesterol were added 
to amounts of fat considerably in excess, relatively to cholesterol, of the 
weight of the ethereal extracts usually obtained in our experiments on blood. 
Duplicate analyses were made of the fat alone, and the fat to which measured 
amounts of cholesterol were added. The results are given in the following 
table : — 
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Table III. 



Method. 



Weight 
of fat. 



Weight 
of chole- 
sterol 
added. 



Weight 
of com- 
pound. 



Weight 
of chole- 
sterol 
(found). 



Weight 
of chole- 
sterol 
in fat 
(0*113 

per 
cent.). 



Weight 
of chole- 
sterol 
less 
chole- 
sterol 
in fat. 



Error. 



Direct precipitation — 
Weighings in filter paper 



55 



55 



55 



)) 



)5 



Saponification 
Weighings in filter paper 



-3064 


-0491 


-2014 


-0489 


-0003 


-0486 


i 

- 0-0005 


-3032 


-1060 


-4646 


-1129 


-0003 


-1126 


+ 0-0069 


-3090 


-0242 


-1060 


-0258 


-0003 


-0255 


+ 0-0013 


-3097 


-0555 


-2210 


-0537 


-0003 


-0534 

■ 


-0-0021 



lY. In the material one wishes to analyse cholesterol may be present 
both free and combined, and it was therefore 'necessary to test the accuracy 
of the method as applied to the estimation of pure specimens of esters of 
cholesterol when in the presence of comparatively large quantities of some 
substance other than cholesterol, which has to be removed by washing or 
saponification. For these experiments we used known weights of cholesterol 
oleate and cholesterol acetate in weighed quantities of fat (beef suet) purified 
by melting and filtering through glass wool, the process being repeated 
until the fat was clear. Separate analysis of the fat gave a percentage of 
total cholesterol of 0*07. The results are given in Table IV — 









Table IV. 










1 
i 

Method. 


Weight 
of fat. 


Weight 
of ester. 


Weight 
of chole- 
sterol 
in ester. 


Weight 
of com- 
pound. 


Weight 
of chole- 
sterol 
(found). 


Weight of 
cholesterol 

in fat 
(0 -07 per 

cent.) . 


Weight of 
cholesterol 

less 
amount in 

fat. 


Error. 


Saponification — 
Weighings in filter paper 

55 J5 5) 


-7630 
-4516 


-1178 

(oleate) 
-1812 
(acetate) 


-0699 
-1634 


-2772 
-6412 


-0673 
-1558 


-0005 
-0003 


-0668 
-1555 

! 


-0 -0031 
-0-0079 



From these results it is clear that, with the quantities of blood used in the 
experiments described below, the method is sufficiently accurate to give 
reliable information as to the variation of the percentage of cholesterol and 
cholesterol esters in blood under various dietetic conditions. 

Though the errors of experiment will be relatively greater the smaller the 
quantity of material used, we believe that dependable results can, with care, 
be obtained with so small an amount as 20 c.c. of blood. 
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V. Experiments on the Cholesterol and Cholesterol Ester Content of the Blood 
of Rabhits Fed on Diets containing Varying Amounts of Cholesterol, — The 
methods of feeding the animals under experiment were similar to those 
described in our former paper.* Large healthy rabbits were selected, as 
nearly the same weight as possible, and great care was taken to keep them 
in good health, and, as far as possible, under the same conditions. The 
blood of these rabbits was taken and divided into two portions, as nearly 
equal as possible, which were weighed and mixed with sand and plaster of 
Paris, as already mentioned. The mixtures, when dry, were extracted in a 
Soxhlet apparatus with ether, the ether evaporated to dryness, and the 
residues weighed. The free cholesterol was estimated by direct precipitation 
with digitonin in the case of the residue from one portion, and the total, 
cholesterol estimated by saponifying the ethereal extract from the other 
portion and estimating the cholesterol in the residue obtained after- 
saponification. The cholesterol present in the form of ester was theni 
obtained by difference. 

In the first set of experiments four rabbits were fed, for comparison, two- 
on extracted bran alone and two on extracted bran plus a measured, 
quantity of cholesterol. These rabbits were kept under the same conditions, 
and to be comparable, as far as possible, were killed within about ten 
minutes of each other. 

Babbit 1. — Fed for five days on extracted bran plus measured amounts of 
cholesterol, \ gramme first two days, | gramme last three days ; total amount 
2 grammes. Weight of rabbit = 2*7 kilogrammes, constant during whole 
experiment. Total weight of blood = 62*461 grammes. Eabbit killed 
4 hours 35 minutes after administration of cholesterol. 

{a) By direct precipitation 25*263 grammes of blood gave 0*0562 gramme 
ether extract, which gave 0*0511 gramme compound = 0*0124 gramme 
cholesterol, a percentage of 0*0492 free cholesterol in the blood ; and 

Q)) By saponification 37*198 grammes of blood gave 0*0822 gramme ether 
extract, which gave 0*1342 gramme compound = 0*0326 gramme cholesterol, a 
percentage of 0*0877 total cholesterol in the blood and 0*0385 per cent, of 
ester cholesterol by difference. 

Bahbit 2. — Fed for five days on extracted bran plus cholesterol, \ gramme 
for first two days, then J gramme for last three days. Total weight of 
cholesterol = 2 grammes. Killed 4 hours 50 minutes after administration 
of cholesterol. Weights of rabbit taken periodically during experiment 
= 2*9, 2*9, 3 kilogrammes. Total weight of blood = 96*011 grammes. 

{a) By direct precipitation 51*451 grammes of blood yielded 0*1156 gramme 

* ' Eoy. Soc. Proc.,' 1909, B, vol. 81, p. 231. 
VOL. LXXXII. — B. 2 V 
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ether extract, which gave 0'1218 gramme compound = 0*0296 gramme 
cholesterol, a percentage of 0'0o75 free cholesterol in the blood ; and 

(h) By saponification 44*66 grammes of blood yielded 0*1074 gramme ether 
extract, which gave 0*1642 gramme compound = 0*0399 gramme cholesterol, a 
percentage of 0*0895 total cholesterol and 0*0320 per cent, ester cholesterol. 

Eabhit 3. — Fed for five days on extracted bran. Weights of rabbit 
during experiment = 3*3, 3*2, and 3*2 kilogrammes. Total weight of blood 
= 72*3301 grammes. 

{a) By direct precipitation 31*8071 grammes of blood yielded 0*0838 gramme 
ether extract, which gave 0*0594 gramme compound = 0*0144 gramme 
cholesterol, a percentage of 0*0454 free cholesterol ; and 

(b) By saponification 40*523 grammes of blood yielded 0*0702 gramme ether 
extract, which gave 0*1126 gramme compound = 0*0274 gramme cholesterol, 
a percentage of 0*0675 total cholesterol and 0*0221 ester cholesterol by 
difference. 

Eabhit 4. — Fed for five days on extracted bran. Weights of rabbit taken 
periodically during experiment = 2, 1*9, 2 kilogrammes. Total weight of 
blood = 43*4464 grammes. 

By saponification 22*3374 grammes yielded 0*0518 gramme ether extract, 
which gave 0*0622 gramme compound = 0*0151 gramme cholesterol, a 
percentage of 0*0677 total cholesterol. 

The same conditions were carried out with regard to another pair of 
rabbits, one being fed on extracted bran, the other on extracted bran and 
measured quantities of cholesterol. 

Babbit 5. — Fed on extracted bran for eight days. Weights of rabbit taken 
periodically = 2*3, 2-3, 2*2, 2*15, 2*2, 2*2, 2*2 kilogrammes. Total weight of 
blood = 65*54 grammes. 

{a) By direct precipitation 33*82 grammes of blood yielded 0*0738 gramme 
ether extract, which gave 0*0630 gramme compound = 0*0153 gramme 
cholesterol, a percentage of 0*0453 free cholesterol in the blood ; and 

(b) By saponification 31*72 grammes of blood yielded 0*0868 gramme ether 
extract, which gave 0*0722 gramme compound = 0*0175 gramme cholesterol, 
a percentage of 0*0553 total cholesterol and 0*01 ester cholesterol. 

Rabbit 6. — Fed on extracted bran plus cholesterol for eight days. No 
cholesterol for first two days, \ gramme for three days, and \ gramme for 
last three days. Total weight of cholesterol = 2\ grammes. Weights of 
rabbit = 2*8, 2*7, 2*65, 2*6, 2*6, 2*65, 2*7 kilogrammes. Total weight of 
blood = 68*21 grammes. Eabbit killed six hours after administration of 
cholesterol. 

(a) By direct precipitation 37*09 grammes of blood gave 0*0996 gramme 
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compound = 0*0242 gramme cholesterol, a percentage of 0*0653 gramme 
of free cholesterol in the blood. 

(h) By saponification 31*12 grammes of blood gave 0*1079 gramme 
compound = 0*0262 gramme cholesterol, a percentage of 0*08425 total 
cholesterol and 0*019 ester cholesterol. 



Table V. — Percentage of Cholesterol in Blood. 



Rabbit. 


Total. 


Free. 


Ester 
(by difference). 


1. Fed on extracted bran and cholesterol 

(2 grammes) 

2. Fed on extracted bran and cholesterol 

(2 grammes) 

3. Fed on extracted bran alone 


-0877 

-0895 

-0675 
-0677 
-0553 
-0843 


-0492 

-0675 

-0454 

-0453 
-0653 


-0386 

-0320 

-0221 

-0100 
-0190 


4 


^^* jj J) >j 

*^* J5 5' )) 


6. Fed on extracted bran and cholesterol 
(2i grammes) 



We found in our previous experiments on haemolysis,* that when phytosterol 
was given with the food the anti-hsemolytic power of the serum was increased, 
as in the case of cholesterol. We therefore made a comparison of the blood 
of rabbits fed with ordinary bran, which contains a phytosterol, and the 
blood of rabbits fed on extracted bran, with regard to the cholesterol and 
cholesterol ester content. 

Bahhit 7. — Fed on ordinary bran for nine days. Weight of animal during 
experiment = 2*0, 2*0, 2*1, 2*1, 2*1, 2*1, 2*0, 2*1 kilogrammes. Total weight of 
blood = 61*9405 grammes. 

{a) By direct precipitation 31*5175 grammes blood gave 0*084 gramme 
compound = 0*0204 gramme cholesterol, a percentage of 0*0648 free 
cholesterol in the blood ; and 

(h) By saponification 30*423 grammes of blood gave 0*0962 gramme 
compound = 0*0234 gramme cholesterol, a percentage of 0*0768 total 
cholesterol, 0*0121 ester cholesterol. 

Eabhit 8. — Fed on ordinary bran for nine days. Weights of animal == 2*6, 
2*7, 2*7, 2*7, 2*7, 2*7, 2*7 kilogrammes. Weight of blood = 71*2945 grammes. 

(a) By direct precipitation 35*3045 grammes of blood gave 0*1023 gramme 
compound = 0*0249 gramme cholesterol, a percentage in the blood of 
O'0741 free cholesterol ; and 

(h) By saponification of ether washings from {a) 35*3045 grammes of blood 

* lUd,, p. 242. 

2 u 2 
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gave 0*0198 gramme compound = 0*0048 gramme cholesterol, a percentage 
of 0*0136 ester cholesterol, and (by addition) 0*0877 total cholesterol. 

Table VI. — Percentages of Cholesterol in Blood. 



Rabbit. 


Total. 


Free. 


Ester. 


8. Fed on ordinary bran 

Q 


-0768 
-0877 


-0649 
-0741 


-0119 
-0136 


^' >} 5J 



Table VII. — Average Percentages of Cholesterol and Cholesterol Esters in 

the Blood. 



Extracted bran. 


Ordinary bran. 


Cholesterol and extracted bran. 


Total. 


Free. 


Ester. 


Total. 


Free. 


Ester. 


Total. 


Free. 


Ester. 


-0634 


-0453 


-0165 


-0822 


-0694 


-0128 


0-0871 


-0573 


-0298 



These results confirm the conclusion arrived at in our former paper, that 
the phytosterol of vegetable food can be absorbed during digestion and appears 
in the blood stream, causing an increase in the sterol and sterol ester content, 
but do not tell us whether the phytosterol gets into the blood as such, or is 
changed into cholesterol or simply causes an increase in the amount of 
cholesterol, since both animal and vegetable sterols form insoluble compounds 
with digitonin. 

In order to obtain information on this point 16 rabbits were fed on a 
mixture of oats, bran, cooked germ of wheat, and some free phytosterol for 
six days. They were then killed, and the total blood (1074 grammes) 
extracted in the manner already described. The ether extract was saponified, 
and the crude cholesterol recrystallised once from a, small quantity of 
90-per-cent. alcohol. The product thus obtained was slightly coloured and 
weighed 0*73 gramme. This was dissolved in 7*5 c.c. ether, and the solution 
mixed with 7'5 c.c. of a solution of 5 grammes of bromine in 100 c.c. of 
glacial acetic acid. After standing for 1 hour in a freezing mixture, the 
cholesterol dibromide which had separated out was filtered on the pump 
and washed with 0*4 c.c. of glacial acetic acid and 0*4 c.c. of 50-per-cent. 
acetic acid. This cholesterol dibromide weighed 0*75 gramme, and without 
further purification melted at 115° C. (pure cholesterol dibromide melts 
at 120° C). The washings were mixed with the main filtrate and 
again allowed to stand in a freezing mixture. A small quantity of matter 
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separated, but was not weighed. The filtrate from this precipitate, which 
should have contained any phytosterol which might have been present, 
was boiled for two hours with 5 c.c. of glacial acetic acid and J gramme of 
zinc dust to reduce the phytosterol dibromide to phytosterol. The liquid 
was filtered from the excess of zinc and poured into water, when a small 
amount of solid matter separated. This was taken up in ether, and the 
ethereal solution, after shaking with dilute carbonate of soda to get rid of 
acetic acid, was dried and evaporated. A small quantity of oily crystalline 
substance was left. This was boiled for some time with acetic anhydride 
to convert it into the acetate, and then poured into water. The acetate 
which separated was crystallised from 95-per-cent. alcohol, and the crystals 
under the microscope appeared to have the form of large thin plates. These 
were compared with slides of cholesterol acetate and phytosterol acetate, and 
appeared to resemble the former more closely than the latter. After 
crystallising three times from alcohol the crystals melted sharply at 101° C. 
Cholesterol acetate melts at 114° C, and phytosterol acetate at 127° C. 
The quantity of material was much too small for any attempt at further 
purification. The minute quantity of material remaining, along with the 
residue obtained by evaporating mother liquors, was saponified, and the crude 
product dissolved in pyridine and treated with benzoyl chloride. On 
pouring into water a small quantity of solid matter separated. This was 
mixed with some oily matter, and owing to its small amount was difficult to 
purify. The crystals which separated from alcohol appeared under the 
microscope to have the form of square plates similar to those of cholesterol 
benzoate. There was not enough to determine the melting point. 

The crude sterol from the blood therefore consisted almost entirely of 
cholesterol, and contained no detectable quantity of phytosterol. Had the 
increased sterol content of the blood of bran -fed rabbits compared with the 
blood of animals fed on extracted bran been due to absorbed phytosterol, we 
think we could not have failed to obtain some definite evidence of its 
presence by the above method. 

Conclusions, 

(1) The digitonin method for the estimation of cholesterol is very accurate, 
and is capable of yielding reliable results even when only relatively small 
quantities of material are available. 

(2) When cholesterol is given with the food of rabbits, some is absorbed 
and finds its way into the blood stream. An increase of both free cholesterol 
and cholesterol esters takes place. 

(3) When animals are fed on phytosterol, this substance is in part absorbed, 
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and there results an increase in the free cholesterol of the blood. Phytosterol 
does not appear in the blood as such. 

We take this opportunity of expressing our thanks to the Government 
Grant Committee of the Eoyal Society for assistance in carrying out this 
work. 



On the Comparative Toxicity of Theobromine and Caffeine, as 
Measured by their Direct Effect upon the Contractility of 
Isolated Muscle. 

By V. H. Veley, F.RS., and A. D. Waller, M.D., F.E.S. 
(Received June 17, — Eead June 30, 1910.) 

Introductory. 

The isolation of caffeine from coffee is generally assigned to Eobiquet, 
Pelletier and Caventou (1821),* though the so-called coffee base, obtained a 
year previously by Eungef was probably impure caffeine. 

The identity of theine, extracted from tea by Oudey (1838)4 with caffeine 
was established by the analyses of Jobst (1843).§ The association of caffeine 
with uric acid was noted originally by Stenhousejj who found the latter in a 
sample of Paraguay tea. 

Theobromine was first isolated by WoskrcsenskylT from cocoa (1842), and 
its association with alloxan, on the one hand, and caffeine on the other, was 
established by subsequent observers. 

According to the investigations of Emil Fischer (1894 — 1898),** uric acid, 
theobromine, caffeine, and other allied substances, are derived from the parent 
base purine, to which the following, as one of two alternative formulae, was 
eventually assigned : — 






HO N 

/ ^V 7 \0H 



2 4 



9 



NH 



^ * Berzelius Jahresber./ vol. 4, p. 180, and vol. 7, p. 269. 

t ' Phytochemischer Entdeckungen,' p. 144, Berlin, 1820. 

% ' Mag. Pharm.,' vol. 19, p. 49. 

§ * Annalen,' 1838, vol. 35, p. 63. 

II lUd.^ 1843, vol. 45, p. 371, and vol. 46, p. 227. 
IT Ihid., 1842, vol. 41, p. 125. 
■^■^ ' Untersuchungen in der Purin-Gruppe.' CoHected volume, Berlin, 1907. 



